Abstract The purpose of this work was to develop a rapid, sensitive and validated HPLC method for the separation and analysis of a Bromazepam, Medazepam and Midazolam mixture. The three benzodiazepine compounds were separated on a reversed-phase C18 column at 50 1C using a mobile phase containing 25% acetonitrile, 45% methanol and 30% ammonium acetate (0.05 M). The pH was adjusted to pH¼ 9 by the addition of ammonia solution (35%, w/w). The samples were detected using a UV detector at 240 nm. The validation study of the method included the effect of temperature, flow rate, ratio of the components of the mobile phase and the pH of the mobile phase on the efficiency of separation. The linear range of Bromazepam and Midazolam was between 0.12 and 0.18 mg/mL, while that of Medazepam was between 0.08 and 0.12 mg/mL. The relative standard deviation for precision was less than 2%. The linearity, selectivity, accuracy and robustness of the developed method showed acceptable values. The method was applied to the analysis of the samples of raw material of the three compounds under study, and the percentage of recoveries was 99.89%71.06. It was also applied to the analysis of samples of pharmaceutical preparations of those compounds and spiked serum samples. Recoveries from serum samples ranged between 91.5% and 99.0%. The developed method is suitable for quality control of Bromazepam, Medazepam and Midazolam in their mixtures and in pharmaceutical preparations (tablets, capsules, ampoules). It can also be used to determine their concentrations in serum.
Introduction
Benzodiazepine compounds are used to generate a variety of pharmacological effects, including anxiolytic, sedative, tranquilizer, muscle-relaxant, anti-convulsion or hypnotic (Fig. 1) . The pharmaceutical compounds belonging to this group are relatively safe when compared with barbiturates as they do not lead to coma when used in high doses [1] . The inhibitory action of benzodiazepines on the central nervous system results from its interactions with the GABAA receptors, which are present in several brain regions [2] . Since medicinal chemist Strenbach synthesized chlordiazepoxide in 1950, a large number of benzodiazepine derivatives have been synthesized and their pharmacological effects have been investigated. At present, more than twenty of such compounds are globally marketed for clinical uses [2] .
Bromazepam, Medazepam and Midazolam that were under study in this research ( Fig. 2 ) are among the most important benzodiazepine derivatives used as anxiolytic, sedative or hypnotic drugs, let alone the wide-scale use of Midazolam as a premedicant medicine before surgery [1, 3, 4] . These compounds are the most commonly prescribed class of drugs in the world for the treatment of anxiety and insomnia, particularly for the elders [5] . These facts lend importance to the study of the pharmacokinetics and bioavailability of these compounds and their concentrations in serum in cases of abuse: forensic cases, drug poisoning or suicidal excessive doses [6] [7] [8] .
These three components had not been included yet in the U.S. Pharmacopoeia till its 2010 edition [9] . The analytical methods described by the British, European and Japanese Pharmacopoeia in the monographs of the three studied compounds depend on the anhydrous titration by perchloric acid in the presence of acetic anhydride, and the end point is determined by a potentiometer [3, 10, 11] .
Literature reviews have listed a number of publications on the analysis and determination of therapeutic and toxic blood concentrations [7] of Bromazepam, Medazepam and Midazolam either as raw materials or in serum [12] [13] [14] . But the analysis of the mixture, as in this research, was not found in any of these publications [15, 16] . These researches have adopted several methods, including HPLC [15, [17] [18] [19] , LC-MS [20] and GC-MS [21] , in addition to electrochemical and spectral methods [16, 22, 23] . The aim of this study was to develop a valid, rapid and sensitive analytical procedure using high performance liquid chromatography (HPLC) for the separation and concentration determination of a mixture of Bromazepam, Medazepam and Midazolam.
Experimental

Materials and methods
Bromazepam, Medazepam and Midazolam as secondary standard materials were obtained from the Syrian Ministry of Health. The samples of raw materials were purchased from several local private pharmaceutical factories. The finished pharmaceutical samples (tablets, ampoules, capsules) were obtained from the community pharmacy and from several local and foreign pharmaceutical factories, including the brand company. Human serum samples were obtained from a hospital laboratory. Solvents especially for HPLC (acetonitrile, methanol, water) were purchased from the Merck, Panreac, Scharlau and Cham Lab companies. Ammonium acetate (extra pure) was purchased from Scharlau, ammonia solution (35%, w/w) was purchased from Surec. Excipient, microcrystalline cellulose (Avicel Ph 102), was purchased from Gujarart Micro Wax. Lactose crystalline, magnesium stearate and talc were purchased from Borculo.
Instruments and equipment
Cecil HPLC chromatographic system provided with Cecil adept UV/vis detector (CE4200) was used. Two pumps (CE4100), Cecil adept dual piston pump, with manual injector (20 mL loop) were used to deliver the mobile phase to the analytical column in a special oven column (CE4600); Ce11601 Column oven. Column C18 (3 mm) (250 mm Â 4.6 mm) Teknokroma columns TR-013204 Ultrafast Columns Tracer Extrasil was used. An ultrasonic device, Cole-Parmer-8892, a sensitive balance, Sartorius analytic balance (CPA225D) (sensitivity of 10 À5 g) and a pH-meter, Orion model 320 with glass electrode, were also used. Centrifuge, Hermle Z 230A, and Cartridge 18, RPAdsorbex by Merck, Darmstadt. FR were employed for serum samples.
Chromatographic conditions
The mobile phase consisted of acetonitrile, methanol, and 0.05 M ammonium acetate (25:45:30, v/v/v). The pH (pH ¼ 9) was adjusted by adding ammonia solution (35%, w/w). The detector wavelength was 240 nm. The flow rate was maintained at 1.3 mL/min. The column temperature was set at 50 1C. The injection volume was 20 mL.
Preparation of solutions
2.4.1. Preparation of stock solutions Stock solutions of 0.75 mg/mL Bromazepam, 0.50 mg/mL Medazepam, and 0.75 mg/mL Midazolam were prepared. 375 mg of Bromazepam was weighed and placed in a 500 mL volumetric flask. It was dissolved in an appropriate amount of the mobile phase solution, and stirred using a magnetic stirrer for a period between 15-30 min until it was completely dissolved. The 500 mL volume of the solution was filled with the mobile phase to obtain the desired concentration. Following the same procedure, 250 mg Medazepam and 375 mg Midazolam were weighed to prepare the desired stock solutions. 
Preparation of standards
Preparation of solutions for validation study
2.4.4.1. Standard solutions for linearity study. Five sequential concentrations were prepared from the stock solution containing respectively 80%, 90%, 100%, 110% and 120% of the standard solution concentration. They were prepared by transferring 8, 9, 10, 11, 12 mL of the stock solution, respectively, to a 50 mL flask, filling the full volume of the flask with the mobile phase, and mixing. [24] (i.e. Avesel, lactose, talc, magnesium stearate) were spiked to the standard solutions to obtain analyzed samples. Nine samples were divided into three groups containing respectively 80%, 100% and 120% of standard solution concentration.
Solutions for accuracy study. Tablet excipients
2.4.4.3. Solutions for precision study. Tablet samples were analyzed. Nine samples were prepared and divided into three groups containing respectively 80%, 100% and 120% of standard solution concentration.
Solutions for selectivity study.
A drug-free sample was prepared from the excipients (Avesel, lactose, talc, magnesium stearate). Three tablet samples containing 100% of standard solution concentration were also analyzed. 2.4.5.2. Tablets. Bromazepam tablet samples were prepared by weighing 20 tablets individually and the average weight per tablet was calculated. The tablets were ground to get a fine powder. The powder equivalent to 30 mg of Bromazepam was weighed and placed in a 100 mL volumetric flask. The powder was dissolved with the mobile phase, and mixed on a magnetic stirrer for half an hour. The full volume of the flask was filled with the mobile phase and mixed. The solution was filtered through Buchner's funnel with 0.45 mm filters. 50 mL of the filtrate was placed into a 100 mL volumetric flask and the full volume was filled with the mobile phase to obtain 0.15 mg/mL solution of Bromazepam. Midazolam sample solutions were prepared in the same way to obtain a concentration of 0.15 mg/mL. For Medazepam, the powder equivalent to 25 mg of Medazepam was weighed and treated the same way. 50 mL of the filtrate was placed into a 100 mL volumetric flask and the full volume was filled with the mobile phase to eventually obtain 0.10 mg/mL solution of Medazepam.
2.4.5.3. Capsules. Bromazepam capsule samples were prepared by weighing 20 capsules individually and then calculating the average weight per capsule. The equivalent of 25 mg of Bromazepam was weighed from the powder content of the capsules, which was placed in a 100 mL volumetric flask. The powder was dissolved with the mobile phase and mixed on a magnetic stirrer for half an hour. The full volume of the flask was filled with the mobile phase and mixed. The solution was filtered through Buchner's funnel with 0.45 mm filters. 60 mL of the filtrate was placed into a 100 mL volumetric flask and the full volume was filled with the mobile phase to obtain 0.15 mg/mL solution of Bromazepam. 
Preparation of a series of serum standard solutions
The above-mentioned series of standard solutions were prepared with doubled concentrations. Each 1 mL of the solutions was added to 1 mL drug-free serum to obtain a new series of serum standard solutions with the same concentrations of the said series. The serum standard solutions were centrifuged for half an hour.
Extraction
The serum solution was extracted by the liquid/solid extraction method using C18 cartridge in the following way:
-Precondition cartridge with 3 mL of methanol, withdraw.
Then with 3 mL of water, withdraw. -Apply the serum solution.
-Benzodiazepines were eluted with 10 mL of a mixture of methanol and acetonitrile (1:1). The eluates were left to dry for 15 min. Dry residues were reconstituted with mobile phase. The solutions were filtered through 0.45 mm HPLC filters before injected directly to HPLC. 
Results
Method development
Wavelength selection
The ultraviolet spectra [25] 
Selection of flow rate and column temperature
Increasing the column temperature from 25 1C to 50 1C led to a decrease in the total time required for the separation process. Also, increasing the flow rate from 1 mL/min to 1.5 mL/min showed a similar decrease in the retention time. Sufficient flow rate of 1.3 mL/min was chosen to avoid overlap between peaks and the loss of its acceptable resolution values (Fig. 4) .
Ratios of the mobile phase components
We examined the effect of a gradual increase in acetonitrile from 10% to 25%, which led to a decrease in the total time required for the separation to 9 min (Fig. 5) . In order to improve the shapes of the peaks and to improve the separation between Bromazepam and Midazolam, we improved the previous experimental conditions and started to change the mobile phase pH using an ammonia solution (35%, w/w). 
Effect of mobile phase pH
We studied the effect of varying the pH between 7.57 and 9, using ammonia solution (35%, w/w). We observed that the best separation results were achieved at pH ¼ 9 (Fig. 6 ).
Validation of the method
Identity of each peak was confirmed by the retention time. Method compatibility with the requirements of system suitability according to the standards of U.S. Pharmacopeia [9] was performed. Linearity for Bromazepam and Midazolam covering the range between 0.12 to 0.18 mg/mL and 0.08 to 0.12 mg/mL for Medazepam was verified. The calibration curve linearity was examined by studying the correlation coefficient between the concentrations and the response area of each concentration.
Accuracy was assessed by the recovery percentage. Relative standard deviations for selectivity, repeatability, intermediate precision and robustness were less than 2%. Table 1 features the most important constitutional standards in the chromatogram of a mixture of Bromazepam, Midazolam and Medazepam. Table 2 summarizes the results of the method validation tests of the three compounds.
Sample test results
Raw materials
The percentage of active substance in each sample was calculated from the ratio of the peak areas of sample and standard solution. The results are shown in Table 3 .
Pharmaceutical preparations
Tablet and capsule samples of Bromazepam were analyzed. The percentage of active substance in each sample was calculated from the peak areas of samples and standard solutions. Results of Bromazepam samples are shown in Table 4 .
Tablet and ampoule samples of Midazolam were analyzed. The percentage of active substance in each sample was also calculated. Results are shown in Table 5 .
Tablet samples of Medazepam were analyzed. The percentage of active substance in each sample was also calculated. Results are shown in Table 6 .
Serum samples
The method was applied to analyze serum samples. Standard serological solutions were injected using the chromatographic conditions of our separation method. Linearity was acceptable in the range of 12-30 mg/mL. Table 7 shows the recovery results of the serum samples for each concentration after comparing areas of the standard serological series peaks with areas of standard solution series peaks. Fig. 7 shows the chromatogram of a serum sample containing a mixture of 0.025 mg/mL of Bromazepam, Midazolam and Medazepam.
Discussion
A sensitive, accurate and rapid analytical method has been developed in this study. It can be used for the analysis and separation of a mixture of three benzodiazepine compounds; Bromazepam, Medazepam and Midazolam. The chromatographic conditions were: reversed phase C18 column was used [15, [17] [18] [19] but our mixture was not found in any of them. Mobile phases containing one solvent or two did not achieve the separation of the three compounds. Separation succeeded when a mixture of acetonitrile, methanol and 0.05 M ammonium acetate (25%:45%:30%) was used [15] .
Raising column temperature up to 50 1C at a flow rate of 1.3 mL/min led to a decrease in the retention times of the studied compounds. The total analysis time was reduced from 30 to 16 min and the peak shapes were also improved. Increasing the acetonitrile ratio from 10% to 25% reduced the retention times of the three compounds to a total of 9 min. It also improved the symmetry of Medazepam and Midazolam peaks.
Raising the mobile phase pH to 9 improved particularly the symmetry of the three peaks. The tailing factors ranged between 0.9 and 2.5. Statistically, the symmetry of Midazolam and Medazepam peaks became acceptable and their tailing factors were 1.25 and 0.91, respectively. Bromazepam peak symmetry did not improve much and some tailing remained. The tailing factor value was 2.53 (Fig. 6, Table 1 ). These changes, after raising the mobile phase pH to 9, could be explained by the transformation of the majority of Medazepam (pKa ¼ 6.2) and Midazolam (pKa ¼6.2) molecules to non-ionized form, which increased its affinity to the stationary phase and thus improved peak separation and symmetry [26] . While for Bromazepam (pKa ¼2.9, 11), pH¼9 transformed the majority of its molecules to ionized form. This in turn may explain the tailing observed in the Bromazepam peak.
Nevertheless, values of detection and quantification limits for the three compounds indicate a good sensitivity of the method. Examined raw material samples were acceptable according to the pharmacopeia [3, 11] for the three studied compounds; the active substance percentage values ranged between 98.57% and 101.30%, which is within the pharmacopeial accepted range (98.5%-101.5%) [3, 11] . Examined pharmaceutical preparation samples of Bromazepam and Medazepam were pharmacopeially acceptable within the specified range (85%-115%) [3] . Four examined Midazolam samples from five sources (including a brand company preparation) were acceptable according to the pharmacopeia [3] . The recovery percentages of serum samples spiked with Bromazepam, Medazepam and Midazolam ranged between 91.5% and 99.0%.
Conclusions
The method described in this study is simple, rapid, sensitive and accurate for the quantitative determination of three benzodiazepines: Bromazepam, Medazepam and Midazolam in pharmaceutical preparations (tablet, capsule and ampoule).
It could also be used for the determination of their concentrations in human serum. Figure 7 Chromatogram of a serum sample containing a mixture of 0.025 mg/mL of Bromazepam, Midazolam and Medazepam.
